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35 Claims 

This invention relates to an electrochemical 
method and to apparatus for practicing this method, 
and more particularly to a method and apparatus 
for measuring the thickness of semiconductive 
material during electrochemical treatment thereof 
Still more particularly, the invention jeiates to 
an electrochemical method, and apparatus therefor, 
for producing a region of predetermined thickness 
in a semiconductive body. 

In recent years, semiconductive devices have as- 
sumed an increasingly important role in electronic 
apparatus, in large measure by reason of their ex- 
tremely long life, reliability, and low power con- 
sumption. However, because of the relatively high 
cost of fabricating them reproducibly, such devices 
have been utilized less widely than would other- 
wise be the case. This high cost is attributable 
primarily to the cost of processing the semicon- 
ductive materials contained therein, and a sub- 
stantial portion of this processing cost arises as 
a result of the methods now generally used in 
the dimensioning of these materials. 

Specifically, an especially troublesome, and hence 
expensive, step in the dimensioning process has 
heretofore been that of reducing the thickness of 
a region of the semiconductive body to a predeter- 
mined very small value, frequently of the order 
of tenths of thousandths of an inch t while main- 
taining substantially undisturbed the crystalline 
structure within this reduced-thickness region, and 
without contaminating chemically the latter sur- 
faces. The various methods which have hereto- 
fore been proposed to accomplish this difficult step 
have typically suffered from one or more of the 
following defects. In certain of the known methods, 
inordinately slow rates of reduction in the thick- 
ness of the semiconductive body have been neces- 
sary to avoid removing too much of the semi- 
conductive material and, where high accuracy is 
essential, numerous time-consuming stoppages of 
the thickness-reducing operation have been re- 
quired to permit measurements of the thickness of 
the body. In many cases, the process has produced 
substantially different and unpredictable effects 
on successively treated semiconductive bodies con- 
stituted of the same material, thereby causing ex- 
pensive and time-wasting spoilages of semiconduc- 
tive materials which are themselves expensive. 
In other methods, the accuracy with which a region 
of given thickness is produced has been found to 
be dependent on the accuracy with which the initial 
thickness of the semiconductive body, and the 
parallelism of the opposing surfaces thereof, have 
been established. Consequently, before utilizing the 
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latter methods, it is necessary to employ expensive 
precisioii-laping techniques to provide a semicon- 
ductive body having the requisite initial thickness 
and parallelism of surfaces Still other methods 
5 have employed coarse abrasives which pit and 
score the surfaces of the semiconductive body, 
distorting the crystal structure thereof and con- 
sequently necessitating additional expensive and 
time-consuming treatment of the surfaces by chemi- 
10 cal etchants to restore the lattice symmetry to 
at least a minimally satisfactory state. If auto- 
matic, many of these processes are limited strin- 
gently with regard to the range of thicknesses for 
which such automatic control is feasible. 

It is accordingly an object of the invention to 
provide an improved method for measuring the 
thickness of semiconductive material during elec- 
trochemical treatment thereof 

Another object of the invention is to provide 
an improved method for measuring the thickness 
of a semi -conductive body during electrochemical 
treatment thereof. 

An additional object of the invention is to pro- 
vide an improved method for producing a region 
-5 of predetermined thickness in a semiconductive 
body. , 

Yet another object of the invention is to pro- 
vide novel apparatus for carrying out our improved 
method. 

A further object of the invention is to provide 
an improved method for producing a region of 
predetermined thickness in a semiconductive body, 
wherein the thickness of the aforesaid region may 
be continually measured during processing 

Still another ubject oi the invention is to pro- 
vide an improved method for producing a region 
of predetermined thickness in a semiconductive 
body, wherein the final thickness of the region 
processed according to our method is substantially 
40 independent of the initial thickness of the body 
and any deviations from parallelism of its opposing 
surfaces. 

A further object of the invention is to provide 
an improved method for producing a region of 

45 predetermined thickness in a semiconductive body, 
in the practice of which method the body is in- 
herently protected against deleterious contamina- 
tion, and the crystalline structure of the surfaces 
of the processed region is maintained substantially 

50 intact. 

An additional object of the invention is to pro- 
vide an improved method for producing a region 
of predetermined thickness in a semiconductive 
body, which method is inexpensive and may be 
55 performed reliably by relatively unskilled per- 
sonnel. 

Another object of the invention is to provide 
an improved method for producing a region of 
predetermined thickness in a semiconductive body, 

00 which method may readily be performed with a 
high degree of precision and requires no demount- 
ing of the semiconductive body to perform a thick- 
ness measurement. 

An additional object of the invention ;s to 

05 provide an unproved method and apparatus for 
producing a region of predetermined thickness in 
semiconductive material, in which substantially 
the same appaiatus may be utilized both for re- 
ducing, and foi measuring, the thickness of the 

70 material within this region. 
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b.nl anotner coject of -.he invention ;s to oro- .„ vnfal 

viae novel apparatus which automatically effects ,„, ' rri .„ 

reduction of the thickness of a region of" a se - , \ ra t0rrespo,! , is " , « '° J " -*tor.,».., of . 

conductive body to subs-an-.,llv ? ^ . g ° re «' on f,om uno iur '' a ^ - f ' he «m 1W a- 

value, and thenautom.Sc^^^^^ . T UV * *** ?> ,h " ^ ' • — »unch.,.u-ough 

r.ess-reducing operation " " ° ' " he L ' ieclr: ' 31 iI! -l'e<iance between the two 

An even further object of the invention m slreams a elL ' ctrol >- te decreases by a substantial 

provide an improved automa ic apparatus for nro A$ " n " ortant f ^ ure of < h * invention, 

duc.ng. m a semiconductive booy^ a eg, n o"f a S„^i "d« h ' mPedanCe 

E~ — ,^-a - -be 

A specific obiect of th* invpntinn ^ mentioned critical value, and the thickness of the 

an im^Zto?*ri£^£*£££i " IZ UaT'Sel ^ ™ y ^ UnUI 3 sub " 

a region of nr^t^in^ Vu i p CIn& stantial decrease m impedance between the two 

r.p.dii. s- lch / P „™:r ™s ■»» •>< «« *»™> 

in the direction of the first rectifying barrier, and as to reverse-bias the reel fying contact nrovtdS 
which are used to provide a second rectifying bar- by the electrolytic soluUon. The poUntia?™f Ihe 
ner therein. To ascertain the thickness of the metallic contact ,s also established ?n a Jack 

conSb^l r tena1, 3 h SP aC r° harge r6gl0n 0f 35 basing direction with respect o the potent," 0 f 
controllable thickness is produced within the semi- the body. This thickness measurement Z hi 

ZnT^lZT^V" biaSlng H ° ne the af — " »y varying the potenUaT apphed to tS 

tioned barriers in the reverse direction, and a sig- metallic contact, thereby to determine the value 

nal is derived in response to reduction of said thereof for which punch-through occurs Altera 

material thickness to a value equal to the afore- 40 lively, the potential of the metallic contact may" 

said space-charge region thickness. In this regard, be established at a value which corresponds to 

when the material thickness becomes equal to the the desired thickness of the sem conduct* ve body 

space-charge region thickness, the electrical im- and the thickness of the body may Then be reduced 

etching 6 ftr " re 5 t "r in « b «rier «d the until the inception of punch through indicate that 

etching means decreases substantially, as a result, 45 the desired thickness has been achieved 

£LZ °L CUrrent fl ° W ! ng aCr ° SS *** In the «°™««>ing embodiment of our method it 

reverse-biased barrier increases substantially. Ac- is by no means necessary to the performance o 

cordingly, the aforementioned derived signal may the thickness measurement that V measuring 

^ ™ thls !n " ease K ,n ™ rrent intensity, or potential be supplied to the metallic contact In 

it may be a quantity physically related thereto. , 0 asmueh as the electrolytic stream also provides 

i„™nt"„n s . pec ' fi ^ as P ec V° f the method of the a rectifying contact to the sem.conduetive body 

invention, each of the rectifying barriers in the the measuring voltage may be applied to it and 

semiconductive body ,. provided by directing. the potential of the metallic contact may be estab 

f gam U appr ° pnate s , urfa « ot th * semiconduc lished at or near body potential and preferably 

live body, a stream of an electrolytic solution 55 in a back-biasing sense. As in the preceding cases 

which forms * rectifying contact therewith. The the measuring potential either may be varied » 0 ' 

aforemenuoned reverse-biasing potential is ap- determine the punch-through voltage or may be 

^Lr^TJ^ °k , ?^ StreamS , 3nd ?he Semi - eslabli ^ed at a fixed value which corresponds 
conductive body, while the potential of the other to the desired thickness 

ara"™.k!e e e e o C u?^ t o%?cS ["V e ! tab " S , hed «0 In each of the foregoing embodiments of our 

desired localized pitting of the surface impinged 05 plied to the surfaces of the semicondSve body 

by the first-named stream which occasionally which are to be etched. However Tn the case of 

occurs when said other stream is forward-biased. n-type bodies, the aforedescrTbTih icknets meas 

Alternatively, this other stream may be electrically urement is preferably doncln tne absent 0 , n E ht 

isolated rem external sources of potential. which is sufficiently intense to degradTthe recti 

To determine the thickness of the region of 70 fying contact between the eleotrolyMc so!u-n» 

the semiconductive body bounded by the areas of and the body by promoting the generation of a' 

impingement of the two streams, the value of substantial number of hole, generation ot a 

lHT h ,P ? N 10 S u' d ,° ne Stfeam may be The fo "8°'"8 are only a few of the ways in 

varied, thereby, to vary the depth of the space- which, in accordance with our invention the thick" 
charge region produced within the body by this 75 ness of a semiconductive body may be measured 
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in the course of trie etcmng •.rit.-reur. rhus w::;iu 
:n the above-described embodiments 'A OLir method, 
the potentials applied to the etching means 2nd \ u 
the rectifying-contact means have each been ap- 
plied by connections between the respective means 
and the body, this particular mode of application 
is not essential to the successful practice of our 
method; instead the potentials may be applied by 
connecting a single source of voltage between the 
two means, while making no connection whatever 
to the semiconductive body. The voltage sup- 
plied by this source may then be varied until it 
attains that critical value for which punch-through 
just occurs, and which therefore indicates the 
thickness of the body. Alternatively, a voltage 
corresponding to the desired thickness may be 
applied between the etching means and the recti- 
fying-contact means, and etching of the body may 
be continued until a substantial drop in impedance 
occurs between the two means. 

In a preferred specific embodiment of the method 
of cur invention, the semiconductive body is .con- 
stituted of n-type germanium and is arranged be- 
tween coaxial and opposed streams of electrolytic 
solution During a first group of time-spaced in- 
tervals, the surfaces of the semi -conductive body 
to which the electrolytic solution is applied are 
illuminated to promote generation of holes on these 
surfaces, and pulses of negative direct voltage are 
applied non-contemporaneously to the respective 
streams of electrolyte, thereby to produce anodic 
etching by each stream of the semiconductive body, 
and consequent reduction of its thickness from both 
sides, in the region between the two streams. 
During a second group of time-spaced intervals 
which alternate with the intervals of the first 
group, the illumination is removed from the body, 
thereby to permit formation of a rectifying con- 
tact between each of the streams and the body, and 
the voltage value at which punch-through occurs 
is determined. When this value is substantially 
equal to the value of voltage corresponding to tfie 
desired thickness, the etching process is dis- 
continued. 

Our invention additionally contemplates novel 
apparatus for practicing our method. This ap- 
paratus comprises means for applying, to a surface 
of a semiconductive body opposite a rectifying 
barrier, electrically-conductive etching means which 
produce a second rectifying barrier within the 
body, and means for applying, to one of the 
means which provide these rectifying barriers, a 
potential which is- poled to bias the barrier pro- 
vided by the latter means in the sense of difficult 
conduction, thereby to produce within the body 
a space-charge region of contrullable thickness. 
Importantly, the apparatus also comprises means 
for deriving a signal in response to reduction of 
the thickness of the semiconductive material 
bounded by the two barriers to a value equal 
to said space-charge region thickness, and pref- 
erably includes means for automatically removing 
the aforesaid potential in response to this signal. 

Other advantages and features of the invention 
will become apparent from a consideration of the 
following detailed description, taken in connection 
with the accompanying drawings, in which: 

Figure 1 illustrates diagrammatically an elec- 
trochemical apparatus suitable for use in practic- 
ing the invention; 

Figures 2A and 2B are graphical representa- 
tions of signals produced by the apparatus of 
Figure 1; 

Figure 3 is the schematic diagram of electrical 
apparatus suitable for use in the arrangement of 



figure :. 

Figure -t ..s ,i nagrv.m. jnd i*\e;;re V j 4 r ■ i ^ r . 
represent at;. <n. m -a h ref< ; rri.vs .ire m:m- 
discussir.g 'he theoretical coribuicrations relevnr. : 
5 to the invent; on. 

Figures 6 ana 7 .ire schematic diagrams f 
additional arrangements suitable for practicing the 
method of our invention; 

Figure 8 is a graphical representation tc which 
10 reference is made in discussing the operation of 
the arrangement of Figure 7; and 

Figures 9, 10 and 11 are schematic diagrams of 
still further arrangements suitable for practicing 
our method. 

15 Considering our invention in greater detail, 
there will now be described an embodiment of 
our method which is particularly well adapted for 
producing a region of predetermined thickness in 
a body of n-type germanium by means of electro- 
~° lytic etching, and for automatically terminating 
the etching process when this thickness has been 
obtained In this arrangement, a pair of opposed 
electrolytic jets are employed, and, during certain 
time-spaced intervals, a negative voltage of vary- 
-5 ing amplitude is applied alternatively to the two 
jets while the semiconductive body is irradiated 
with light, thereby to produce electrolytic etching 
of both surfaces impinged by the jets During 
other time-spaced intervals which alternate with 
30 the aforementioned intervals, the intensity of the 
light applied to the body is reduced, thereby to 
permit each jet to form with the body a rectify- 
ing contact which is reverse-biased when the nega- 
tive, varying voltage is applied thereto, thereby 
35 producing a space-charge region extending into the 
body; the other jet serves as a source of current 
carriers when punch-through occurs Because of 
the sudden drop in impedance between the jets 
which occurs at punch-through, and because the 
40 varying voltage is applied to the jets by way of 
substantial impedances, upon punch-through, the 
latter voltage tends to limit sharply at a peak 
value indicative of the thickness of the body. 
Means are provided for sensing this peak value 
45 and for terminating the process when this value 
decreases to the critical value corresponding to the 
desired thickness of the semiconductive body. 

In practicing the method in this embodiment, 
the arrangement depicted in Fig. I has been found 
50 to be particularly useful In this arrangement, the 
semi conductive body 10 to be dimensioned, whicn 
in the present instance is a wafer of monocrystal- 
line n-type germanium, is positioned so as to be 
impinged on opposing surfaces by a pair of co- 
f)5 axial and opposing jets of electrolytic solution 12 
and 14 respectively, and in addition is connected 
to a point at reference potential by way of a con- 
ductive tab 16 ohmically soldered thereto The :ets 
12 and U arc in turn produced by jet-forming 
no nozzles 18 and 20 respectively, each of which in- 
cludes coaxially-arranged inner and outer nozzles 
22 and 24 respectively A first pump 26 draws an 
electrolytic solution 28 from a first reservoir 30 and 
supplies it to inner nozzle 22 of jet-forming nozzle 
(15 18. while a second pump 32 draws solution 28 
from a second reservoir 34 and supplies it to inner 
nozzle 22 of jet-forming nozzle 20. Separate reser- 
voirs are used to contain the solutions supplied to 
the two nozzles in order to isolate electrically 
70 these solutions from one another. 

In addition, suction is applied to outer nozzles 
24 of jet-forming nozzles 18 and 20 by means of 
a vacuum pump 36, which is arranged to evacuate 
a gas-tight vessel 38 with which these nozzles com- 
75 mumcate by way of tubes 40 and 42 respectively 
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ay appropriate jsim.jr:: : . - 

which electro!;, tx solution 23 :s j^p.;«:i ;'..-e 
inner nozzle 22, and :ne amount of .uct;.>n 
;s applied to the outer nozzie 24 of -acn vt- farm- 
ing nozzle, u is feasible to prccuee a ;ei' of 
trolytic solution which impinges only a small pre- 
determined area of the surface of body 10, im- 
portantly leaving the remainder of the surface 
practically dry. Such jet-forming nozzles and their 
operation are described and claimed in the co- io energizing 
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.■M 48 ana armature 
i^itud directly from 
■:.erg:zeo; titer. ;a f u>r 
;i such time as tiie 



pending patent application Serial No 7 1 5.238 of 
L. W Hershinger. hied September 25, 1956. en- 
titled "Method of and Apparatus for Etching," and 

assigned to the assignee of the present application .„ _ „ 

Accordingly, no further discussion of the structure i5 'put "Terminal 'Wand "supphe'd via" ' a" "current "ad 



1 ,:ne — '.v:t, 
1 CO o 

sluice 44 and nuintair.oi 
by process enntroller 102 unt 

latter, in response to an appropriate signal, de- 
energizes coil 100. When cuii 100 is de-energized, 
armature 94 opens from contact "Z, thereby de- 
power Mjppiv 52 -nn terminating the 
process according to our invention. 

As aforementioned, each of jets 12 and 14 is 
energized from power supply 52 More particularly, 
jet 12 is energized bv a voltage derived from out- 



and operation of these nozzles is deemed necessary 
herein. 

Pumps 26, 32 and 36 are energized from a source 
44 of alternating voltage, which has one terminal 



justing rheostat 114, a single-pole double-throw 
switch 116, and an ammeter 118, to an electrode 
120 immersed in the electrolytic solution supplied 
to this jet. Specifically, the blade 122 of switch 



connected to a point at ground potential and its 20 116 is directly connected to rheostat 114" 
other terminal connected to the fixed contact 46 of 
a line-switch 48, whose biaae 50 is connected to 
a terminal Y. Each of the pumps is connected to 
source 44 via terminal Y 

To supply to jets 12 and M the electrical poten- 
tials required to etch and to measure the thickness 
of body 10, a power supply 52 is provided which 
comprises a transformer 54 having a primary wind- 
ing 56 and a secondary winding 58 which has a 



contact 124 of the switch is connected via a Iow- 
impedance conductor to amtiseter U8, while fixed 
contact 126 of this switch is connected via a rela- 
tively high-valued resistor i 28 to ammeter H8- 
25 Thus, when it is desired to supply a relatively high 
current to eieetrode 120, thereby to produce anodic 
etching of body 10 at a substantial rate, switch 
blade 122 is closed to contact 124, thereby supply- 
ing the etching current via i-niy a single current- 

by 



center-tap 60- It additionally comprises a first uni- 30 limiting resistor, namely rheostat 114 Where 
directional conductor 82 whose cathode 64 is di- 
rectly connected to terminal 66 of secondary wind- 
ing 58 and whose anode 68 is connected to center- 
tap 60 via a bleeder resistor 70. and a second 
unidirectional conductor 72 whose cathode 74 is 
directly connected to terminal 76 of secondary 
winding 58 and whose anode 78 is connected to 
center Up 60 via a bleeder resistor 80- In addition, 
a source of negative potential 82 connects center- 



contrast, it is desired to supply a much smaller 
current to electrode 120 to carry out a thickness 
measurement according to the invention, switch- 
blade 122 is closed to contact 126, thereby insert - 
ing high-valui-d resistor 128 m series with rhc-'>- 
tat 114. 

Similarly, electrolytic jet 14 is energized by 
a voltage derived from output terminal 86 and 
supplied via a current-adjusting rheostat 130, a 



tap 60 to a point at ground potential. The inter- 40 single-pole, double-throw switch 132 and an am 



connection 84 of resistor 70 and undirectional con 
ductor 62 serves as one output terminal of the 
power supply, while the interconnection e8 of 
resistor 80 and unidirectional conductor 72 serves 



meter 134, to an electrode 136 immersed in the 
electrolytic solution supplied to this jet. The blade 
138 of switch 132 is connected to rheostat 130, fixed 
contact MO of the latter switch is connected via 



as the other output terminal thereof. At each 45 a low-impedance conductor to ammeter 134 while 
of these output terminals, there are produced 
periodically recurring, sinusoidal half-wave pulses 
which are non-contemporaneous with the pulses 
produced at the other output terminal One of 
the sets of pulses so derived is supplied to one 
of the electrolytic jets, and the alternate set is 
supplied- to the other jet, as described hereinafter 
in detail. 

Power supply 52 is itself energized by source 
44, the grounded terminal of which is connected 
to one terminal of primary winding 56 by way of 
the armature 88 and fixed contact 90 of a time- 
delay relay 92, and the other terminal of which 
is connected to the other terminal of primary 

winding 56 by way of terminal Y and the arma- m) To be etched." In the" 'preferred embodiment 



fixed contact 142 of this switch is connected to 
this ammeter via 3 high-valued resistor 144 As in 
the preceding case, to eifect anodic etching of body 
10 at a substnntial rate, switch blade 138 is closed 
GO to contact 140, thereby supplying current to elec- 
trode 136 via the relatively low resistance of 
rheostat 130, while to effect a thickness measure- 
ment of body 10 under low-current conditions, 
switch blade 138 is closed to contact 142. thereby 
inserting high -valued resistor 144 in series with 
rheostat 1 30- 

In order to produce rapid and smooth etching of 
an n-type sermconducti ve body, it is desirable to 
generate a copious supply 0/ holes on the surfaces 

this 

hole generation is promoted by irradiating these 
surfaces of body 10 with electromagnetic waves 
having wavelengths within the visible and infra- 
red spectrum. To this end, an illumination system 
05 is provided, comprising light sources 146 and 148 
each of which may comprise a housing 150 having 
trolled by means of a process controller 102, whose an electric lamp 152 mounted at one end thereof 
specific function and structure are described in and a solenoid actuatable shutter 154 mounted at 
greater detail hereinafter, and to which coil 100 the other end thereof Shutter 154 (i preferably 
is connected To actuate relay 95 initially, there 70 of a form which transmits light and infra-red 
is provided a normally -open momentary contact radiations when its solenoid is de-energized and 
switch 104 whose blade 106 ts connected to a point blocks transmission of light and infra-red radia- 
at ground potential and whose fixed contact 108 is tions when its solenoid is energized A No con- 
connected, via a unidirectional conductor no and tamed within housing 150 is a condensing lens 
a current-limiting resistor H2. to one terminal of 75 156 which focusses the light supplied by lamp 152 



ture 94 and fixed contact Z of relay 96 Coil 98 of 
time-delay relay 92 is connected to a point at ground 
potential and to terminal Y of line switch 48 and 
may be energized from source 44 by closing this 
switch. 

The energization of coil 100 of relay 96 is con 
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The hlaments cf .jmps 152 are cunnuciai .n 
parallel reiaiicr.shup by conductors 158 ind 160 
respectively, and are energized oy source 44, con- 
ductor 158 be:ng connected to a point at gruund j 
potential and conductor 160 being connected to 
terminal Y. 

The solenoids of shutters 154 are also connected 
in parallel relationship, by conductors 162 Jnd 164 
respectively, and are energized from source 44. 10 
In this regard, conductor 182 is connected to a 
point at ground potential, while conductor 164 is 
connected to one nxed contact 166 of a single-pole, 
double-throw switch 168 whose blade 170 is con- 
nected to terminal Y. When etching is desired, 15 
blade 170 is closed to the other fixed termiai 172 
of switch 168, which terminal js . electrically iso- 
lated from source 44. This action de-energizes 
the solenoids of shutters 154, thereby conditioning 
these shutters to transmit light to body 10 from 20 
lamps 152. 

When a thickness measurement is to be made, 
it is important, for reasons to be considered here- 
inafter, that no intense illumination irradiate body 
10- Therefore, to remove the illumination from 25 
body 10 during this measurement, the solenoids of 
shutters 154 are energized from source 44 by clos- 
ing blade 170 to contact 166- 

In the specific arrangement shown in Figure 1, 
and for reasons which are also discussed herein- 30 
after, in order to maintain relay coil 100 energized 
during the etching intervals of our process, it is 
necessary to supply a holding signal to process con- 
troller 102. This holding signal is derived from 
source 44 and is supplied to controller 102 via a 35 
single-pole, double-throw switch 174 whose blade 
176 is connected to the appropriate input terminal 
of process controller 102 and one of whose con- 
tacts 178 is connected to terminal Z Switch 
blade 176 is closed to contact 178 during the etch- 40 
ing intervals and is closed, during the thickness- 
measuring intervals, to the other fixed contact 180 
which is electrically isolated from source 44. 

During each measuring interval and in accord- 
ance with our invention, a voltage indicative of 45 
the thickness of body 10 between the respective 
areas of impingement of jets 12 and 14, is de- 
rived by a probe 182, which may comprise several 
turns of a smaii-diameler platinum wire wound 
tightly over the surface of the inner nozzle 22 50 
of jet*forming nozzle 20. The voltage derived by 
probe 182 is supplied via a conductor 184 to an 
input terminal or process controller 102 As an 
important operational feature of the apparatus 
forming part of our invention, process controller ^ 
102 is constructed and arranged to-energize coil 
100 of relay 96 when the peak value of the volt- 
age sensed by probe 182 falls just below a pre- 
determined value corresponding to the desired 
thickness of Dody IQ. De-energization of coil 100 no 
causes armature 94 to open from contact Z, thereby 
de-energizing power supply 52 and hence terminat- 
ing both the etching and the measuring processes 
by removing the operating potentials from elec- 
trodes 120 and 136. rt5 

To provide a visible indication of the thickness 
of the semiconductive body, the apparatus includes 
a peak-reading voltmeter 186 which is connected 
between probe 182 and semiconductive body 10, 
via tab 16. This voltmeter, in one form, may :o 
comprise a cathode ray oscilloscope, to whose 
vertical deflection means the potential sensed by 
probe 182 is supplied, and in which the cathode- 
ray beam is swept horizontally at a rate which 
permits the display on the cathode-ray screen of 75 
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■■; the alternating '-'uiUigr supplied oy source 44, 
i:.<j pri'f erablv nf two 01 thr«v such naif- ves 
I'he vertical M\iie the jsciM< »s»*opo screen mav 
be calibrated :t; units of thickness wnicn for 
reasons discussed more fully hereinafter, is a 
determinable function of the voltage detected oy 
probe 182- In jddttion, to provide an additional 
unambiguous indication of the inception of punch- 
through, there may also be provided a second volt- 
meter 188, which may be either a peak- reading or 
an average-reading instrument, and which is con- 
nected between probe 182 and a probe 190 of simi- 
lar construction arranged to encircle inner nozzle 
22 of jet-forming nozzle 18- A sudden fall in the 
voltage indicated by voltmeter 188 is indicative of 
the inception of punch-through 

Since each of switches 1 16. 132, 168 and 174 is 
thrown to a firsi position during etching and to a 
second position during thickness measurement, it 
has been found convenient to gang the blades of 
these four switches so that they may be thrown 
simultaneously, and to effect throwing of them by 
means of a solenoid 192 having a coil 194 and an 
armature 196- When coil 194 is uncnergized, the 
ganged blades of the tour switches are in the posi- 
tions shown in Figure 1 U.e. the etching position), 
while when coil 194 is energized, the switches are 
closed to the alternate contacts shown (i.e. the 
thickness measuring position). 

Moreover, in order that the etching of body* 10 
may be terminated when its thickness has been 
reduced to within a predetermined tolerance of 
the desired value, it is desirable that thickness 
measurements he made at intervals which are 
spaced by a time less than that required to reduce 
the thickness of body 10 by an amount equal to 
the aforesaid tolerance. To this end, a timer 198 
is provided which energizes coil 194 at predeter- 
mine time intervals, thereby throwing the blades of 
switches 116, 132, 168 and 174 to their respective 
"measurement" positions, and, after a time suf- 
ficient for the measurement has elapsed, de- ener- 
gizes coil 194, thereby restoring the blades of the 
four switches to their "etching positions" Timer 
198 is itself energized by source 44 via terminal Z. 
Thus, when process controller 102 de- energizes 
relay coil 100, it effects de-energization of timer 
198 as well as of power supply 52, thereby pre- 
venting needless cycling of the positions ot the 
four switches ganged to the armature 196 of sole- 
noid 192. 

The mode of operation of the arrangement of 
Figure 1 will now be reviewed. To connect the 
apparatus to voltage source 44. line-switch 48 is 
closed. Closure of this switch energizes time- 
delay relay 92 and certain elements of process 
controller 102. as well as pumps 26. 32 and 36 and 
light sources 146 and 148. II does not. however, 
energize power supply 52, nor can this equipment 
be energized until time-deiay relay 92 actuates 
armature 88 to close against contact 90 This 
time delay is provided to permit the hydraulic- 
system, the process controller and the light sources 
to attain their respective steady-state operating 
conditions before the entire apparatus is ener- 
gized for etching and for measurement 

When the time-delay interval has elapsed, relay 
92 closes armature 88 to contact 90. and the etch- 
ing-and-measurmg cycle can now be initiated oy 
momentarily closing switch 104- Closure of this 
switch enerRizes coil 100 of relay 96 IO r 'ose arma- 
ture 94 against contact Z, thus connecting source 
44 to power-supply 52, process controller 102 and 
timer 198- 
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During the etching portion -he pr.-.r. ro .I 
194 of soler.oid 192 is Je-ner -zed jnd .wivhes 
1 16. 132. 168 and [74 are consequents :n the 
positions shown in the drawing As a result, light 
sources 146 and H8 illuminate the surfaces of 
body 10. while a negativeiy-poied pulsating cur- 
rent of substantial intensity is supplied by power 
supply 52 to each of jets 12 and 14, thereby pro- 
ducing etcning of body \q at a substantial rate. 
In the preferred form snown. these current pulses 
are non-contemporaneous with the result thai, 
during each haif-cycle of the alternating voltage 
supplied by source 44. one jet is maintained at a 
relatively small negative potential with respect to 
body 10 by d-c source 82, while the other jet has 
a negatively poled half-wave of sinusoidally vary- 
ing voltage applied thereto This time relation- 
ship between the respective voltages applied to the 
two jets is particularly useful during the meas- 
urement portion of the process 

The measurement portion of the process is ini- 
tiated when timer 198 energizes coil i 94. thereby 
causing switches 116. 132, 168 and 174 to be thrown 
to their alternate positions. When these switches 
are thus positioned, shutters 154 arc energized to 
cut off the illumination by lamps i52 of uudy 10, 
and the voltages developed at terminals 84 and 86 
of power-supply 52 are supplied to jets 12 and 14, 
via high-valued resistors 128 and 144 respectively, 
at much lower current intensities than during etch- 
ing. This lowering of the intensities of the cur- 
rents flowing in jets 12 and M, during the times 
when body 10 is unillummated, prevents deleteri- 
ous rough etching of the body at these times. 
Moreover, as discussed hereinafter, the high-valued 
resistors 128 and 144 additionally serve as voitage- 
limitmg elements in the arrangement for ascertain- 
ing the value of the jet-voltage, at a position 
adjacent body |0. for which punch-through occurs. 

When body 10 is unillummated, or is illuminated 
by light having only a low intensity, each of jets 
12 and 14 forms a rectifying contact with the sur- 
face of body 10 impinged thereby. Moreover, 
because a negative potential is applied to each of 
these jets, this rectifying contact is reverse-biased. 
As a result, potential differences, whose values are 
substantial proportions of the values of the po- 
tentials applied to electrodes 120 and 136 re- 
spectively, are established between the respective 
jets and body 10. 

In the arrangement of Figure 1, the instantane- 
ous value of the potential difference applied be- 
tween jet 14 and body 10 is sensed by probe 182 
and is supplied via conductor 184 to voltmeter 186 
and process controller 102. As an important aspect 
of the invention, the latter potential difference 
establishes, within body 10, a space-charge 
region whose depth is directly dependent on the 
value of this potential difference. So long as this 
space-charge region is insufficiently deep to extend 
from one etched portion on one surface of body 10 
to another etched portion on the opposing surtace 
thereof, the impedance between jets 12 and 14 is 
very high and relatively constant As a result, 
the waveform of the potential difference detected 
by probe 182 is substantially that of the voltage 
suphed by terminal 86. i.e. it is a ha] f -sinusoid. 
Such a voltage waveform is shown, for example, 
m Figure 2A, wherein the axis of abscissas 200 
represents time and the axis of ordinates 202 
represents the voltage sensed by probe 182 and 
displayed, substantially as shown, on the screen of 
the oscillopscope which may be utilized in this 
arrangement as voltmeter 186. 

However, when the thickness between the etched 
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rvgions or the tx<uv is •.uihcicnt!;. ,ma(l that trie 
^■ace-charge r.-gu.n produced bv the negati ve- 
toing h;.lf-w;ivr applied to jet U just exu-nds from 
<>ne jet-impinged surtace to the other, i.e. puneh- 
5 through begins, the value of the impedance oetween 
jets 12 and U falls sharply As a result, the in- 
tensity of the current through jet 14 rises and, 
because of the high resistance of resistor 144, the 
voltage applied to jet U limits at the critical 
10 voltage value for which the fall in impedance 
occurs. Accordingly there appears, on the screen of 
the oscilloscope serving as voltmeter 186. a wave- 
form of the form shown in Figure 2B, wherein 
the axis of abscissas 204 again represents time, 
15 the axis of ordinates 206 represents the value of 
the potential detected by probe 182, and the quan- 
tity V„ represents the potential at which potential- 
limiting occurs. The limiting value V, of the voltage 
detected by probe 182 is itself dependent upon 
-0 the punch-through voltage and therefore is indica- 
tive of the thickness of body 10 between jets 12 
and 14. Accordingly, as a significant aspect of 
our invention, advantage is taken of this relation- 
ship between V, and the body thickness to termi- 
25 nate the etching of body 10 at precisely the desired 
value. Specihcally. process cntntiSer 1 02 is con- 
structed and arranged to de-energize relay 96. and 
hence terminate the etching-and-measuring cycles, 
when the peak value of the voltage sensed by probe 
;i0 182 falls below that value corresponding to* the 
desired thickness. 

While, in the apparatus of Figure 1, jet 12 is 
arranged to be connected to power supply 52 via 
resistors 128 and 1M during the ihickneba nu.-asurc- 
35 ment, it has been found in practice that, during 
this measurement, jet 12 may equally well con- 
nected to body 10 or alternatively may be discon- 
nected from all external sources of potential 

The relationship between body thickness and the 
40 voltage V p , as predicted by solid-state theory and 
as determined by experiment, is considered here- 
inafter. 

Thus far, the structure and functions of timer 
198 and process controller 102 have been dis- 
45 cussed only in general terms; these elements of 
our system are now considered in greater detail. 
In this regard, timer 198 may have any one of 
several conventional structures. For example, a 
particularly simple and reliable structure (not 
r,o shown; comprises a single-pole, single-throw "witch 
which is spring-loaded to a normally-open position 
and which, when closed, connects coil 194 of sole- 
noid 192 to source 44 via terminal Z, thereby to 
energize coil 194- This spnng-loaded switch may 
"»3 De actuated to a closed position, periodically and 
for a predetermined time interval, by means of 
a heart cam which is arranged to abut the actuat- 
ing mechanism of the switch and is rotated at 
a predetermined -angular velocity by means of a 
no speed-adjusting gear train which itself is driven 
by an electric motor The electric motor may also 
be energized' by connecting it to source 44 via 
terminal Z. 

Process controller 102 may also have any one 
U5 of several structures, and for example may com- 
prise the system shown in Figure 3 This system 
includes an input stage 210 having a high input 
impedance, by means of which the pulsating volt- 
age sensed by probe 182 may be utilized without 
70 drawing such an amount of current through the 
probe circuit that the potential distribution in jet 
14 and at the surface of body 10 is modified sub- 
stantially thereby. The output voltage produced 
by input stage 210 is supplied, via a gam-control- 
75 ling potentiometer 212, to a rectifying arrange- 
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meat 214 wr.icn h ;ro^:e£ 3 -t-';.^t 
voltage whose vaiue ;s suostar.:iu.I> v^tu^ to '.he 
r;eak value of the puliat.r^ input vo.:a^' -upp^va 
thereto, i.e. arrangement 214 '5 a peuK dciectui- 
This unidirectional output \.uitage is supplied in 
turn as a control signal to a grid-controlled 
gaseous rectifier 216 This rectifier, in turn, con- 
trols the energization of relay coil 100, maintain- 
ing this coil energized as long as the control signal 
exceeds a predetermined value, and de-energizing 
the coil when the value of the control signal fails 
below this predetermined value. 

More particularly, input stage 210 may comprise 
an electron discharge tube 218 having a cathode 
220 and a heater electrode 222 therefor, a control 
electrode 224 and an anode 226- Tube 218 may be 
connected in cathode-follower oonfiguration, cath- 
ode 220 being connected to a point at ground poten- 
tial via the resistance element 228 of potentiometer 
212, and a fixed resistor 200. control electrode 224 
being connected to an input terminal 232 via a 
coupling capacitor 234 and to a point at ground 
potential via a coupling resistor 236, and anode 
226 being connected to source 44 via terminal Z 
'see Figure I). The terminals of heater electrode 
222 rnay be connected respectively to terminals 
A, B of the secondary winding 238 of a filament 
transformer 240, one terminal of whose primary 
winding 242 is connected to a point at ground 
potential, and the other terminal of whose primary 
winding 242 is connected to source 44 via terminal 
Y (see Figure 1). 

Rectifying arrangement 214 may comprise □ 
coupling capacitor 244 connected in series relation- 
ship with the movable arm 246 of potentiometer 
212 and with a coupling resistor 248 connected to 
a point at ground potential. The arrangement may 
include, in addition, a unidirectional conductor 250 
whose anode 252 is connected to the junction 254 
of capacitor 244 and resistor 248 and whose cath- 
ode 256 is connected to a point at ground poten- 
tial via a timing circuit comprising a resistor 258 
and a capacitor 260 connected in shunt. The values 
of resistor 258 and capacitor 260 are such that 
the timing circuit has a time constant for which 
the arrangement 214 provides peak detection at 
the frequency of source 44 

Grid-controlled gaseous rectifier 216 may com- 
prise a cathode 262 and a heater 264 therefor, a 
grid 266 and an anode 268- Cathode 262 of this 
rectifier may be connected to a point at ground 
potential by way of a source 270 of a positive bias- 
ing voltage; grid 266 may be connected, via a 
current-limiting resistor 272, to cathode 256 of 
unidirectional conductor 250, while anode 268 may 
be connected to terminal Y (see Figure 1) by way 
of coil 100 t>f relay 96 and a current-limiting resis- 
tor 274. In addition, coir 100 may have a by-pass 
capacitor 276 shunted thereacross to minimize 
relay chatter. To energize heater 264, the terminals 
thereof are respectively connected to terminals A 
and B of filament transformer 240- 

The system of Figure 3 also includes a second 
input circuit comprising a coupling capacitor 278 
and a voltage-dividing resistor 280 connected in 
series relationship, and in the order named, be- 
tween a second input terminal 282 and anode 252 
of unidirectiontal conductor 250 In the arrange- 
ment shown, probe 182 »s connected to input ter- 
minal 232, thereby to supply to process controller 
102 the voltage sensed by the probe, while blade 
176 of switch 174 is connected to input terminal 
282, supplying thereto a holding signal from source 
44 during the etching portion of the process In 
addition, and as discussed hereinbefore, process 
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controller 102 '^^ .1 ^'ci^ttm rncrew ith in jrrar.^e- 
ment fur initially energizing relay con |0Q njmelv 
resistor 112, rretit'nT 110 and momentary -contact 
switch 104 con i K'Cted m series relationship between 

5 coil 100 arid a point at ground potententiat 

The opeiation of the system ot Figure 3 will now 
be considered in detail. When the apparatus of 
Figure 1 is initially energized by closing line- 
switch 44, the healers 222 and 264 of tubes 218 

10 and 216 respectively are supplied with voltage 
However, the anode 226 of input tube 218 remains 
de-energized, and accordingly controller 102 is 
inoperative, until relay 96 is actuated by closing 
momentary-contact switch 104- To allow sufficient 

15 time for the cathodes of tube 218. and particu- 
larly of gas tube 216, to attain their proper operat- 
ing temperatures before these tubes are made to 
conduct anode current, switch 104 is preferably 
closed only after time-delay relay 92 has closed 

20 armature 88 against contact 90 

As aforementioned, during thickness measure- 
ment, a rectifying contact ts established between 
jet 14 and body 10- When body 10 is sufficiently 
thick so that punch-through does not occur even 

25 at the maximum value of the voltage applied to 
the jet, substantially this maximum voltage is 
sensed by probe 182 and is applied to terminal 
232 of the controller 102. This voltage is repro- 
duced across resistive elements 228 and 230 of 

30 cathode follower 210 and a portion thereof having 
an amplitude determined by the position of movable 
arm 246 is supplied to peak-detector 214- In re- 
sponse to the voltage supplied by cathode follower 
210. detector 214 supplies to grid 266 of gas tube 

35 216 a positive voltage having an amplitude sub- 
stantially equal to the peak value of the pulsating 
voltage supplied by the cathode follower. By in- 
cluding fixed resistor 230 in the cathode circuit of 
cathode follower 210, art input voltage is always 

40 supplied to detector 214, prior to punch-through, 
whose value is sufficiently high to produce, at 
grid 266 of gas tube 216, a voltage exceeding the 
ionization potential of tube 216 as established by 
the value of the cathode bias potential and the 

45 anode potential thereof. As a result, tube 216 ion- 
izes during each positive half-cycle of the alternat- 
ing voltage supplied to its anode from source 44, 
de-ionizing during each negative half-cycle of this 
alternating voltage Accordingly, a unidirectional 

50 current Mows through coil 100 of relay 96, who^e 
intensity is sufficient to maintain armature 94 
closed against contact Z. 

When the thickness of body 10 is reduced to an 
extent such that punch-through occurs, probe 182 

55 senses and transmits to terminal 232 a clipped 
voltage having a peak value which corresponds to 
the punch-through potential and, importantly, is 
smaller than the value of the undipped half-wave 
previously transmitted by probe 182- As body 10 

00 becomes increasingly thin as the result of etching, 
the measured potential becomes increasingly small, 
so that an increasingly small positive potential 
corresponding to this measured potential is ap- 
plied by detector 214 to grid 266 of gas tube 216- 

05 When the potential of this grid falls below a critical 
value which may be approximately equal to the 
cathode bias of tube 216, tube 216 no longer re- 
ionizes after the succeeding negative half-cycle 
of the alternating voltage applied to its anode 

70 268, and coil 100 of relay 96 is consequently de* 
energized The value of punch-through voltage 
correspondin/t to this critical condition, and hence 
the thickness to which body 10 is etched, is estab- 
lished by adjusting the setting of the movable aim 

75 246 of potentiometer 212- When relay coil 100 >s 
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de-energ^ed <>ee Ftg^e : .. >ne armature 34 ■ :;e-s 
:rom contact Z. As a result. uie anode 226 u' 
cathode-foilower tube 218 is de-energized thereby 
minimizing the possibility of a spurious reactuauon 
of gas tube 216. However, to maintain co n t r „ ller 
102 in a condition to be operative immediately 
after the process is re-initiated bv closing .witch 
104, the heaters 222 and 264 of tubes 218 and 216 
respectively are maintained energized 

During the etching intervals of our process 'he 
surfaces of body io are illuminated by light sources 
146 and 148, and as a result the rectifying prop- 
erties of the respective interfaces between jets 12 
and M and body 10 deteriorate markedly Conse- 
quently, the voltage transmitted by probe 182 to 
input terminal 232 falls to a very small value 
which is insufficient to produg?, at grid 266 of 
gas tube 216, a positive voltage of amplitude suffi- 
cient to maintain this tube ionized and relay coil 
100 energized. Therefore, to maintain tube 216 
ionized and coil 100 energized during etching, a 
holding signal is supplied to controller 102 during 
this interval. This holding signal is an alternat- 
ing voltage supplied by source 44 to input terminal 
282 via terminal 2, contact 178 and switch blade 
176 (see Figure 1) This holding signal develops 
at the output of peak detector 214. a positive volt- 
age whose value exceeds that required to ionize 
tube 216. Consequently, relay coil 100 is maintained 
energized throughout the etching intervals of our 
process. During the measuring intervals thereof, 
switch 174 is opened, removing the holding voltage 
from input terminal 282. Under these conditions, 
the only input signal supplied to controller 102 is 
the voltage sensed by probe 182. 

It is to be understood that the method according 
to our invention may be practiced non-automati- 
cally, i.e. without either a process controller or 
a timer. More particularly, body 10 may be alter- 
nately etched, and its thickness measured, by 
cyclically and manually throwing switches * 116, 
132, 168 and 174 from their 'etch" to their "meas- 
urement" positions. The thickness of the etched 
portion of body 10 may be monitored by observing 
the voltage indicated by voltmeter 186. and the 
process may be terminated by manually opening 
line switch 48 when the reading of voltmeter 186 
indicates that the thickness of the etched region 
of body 10 has attained the desired value. 

While we do not wish to be bound by the 
specific details of any theory, the following theo- 
retical considerations are set forth in order that 
the invention and its modes of application may be 
fully understood. 

As has already been mentioned, the technique 
of measurement used in the method according to 
our invention is believed to be grounded upon the 
phenomenon of punch-through, a theoretical dis- 
cussion of which is found in the publication, Physi- 
cal Review, Vol. 90. No. 5, June 1, 1933, in the 
papers, "Space-Charge Limited Emission in Semi- 
conductors," by W Shockley and R C. Prim, start- 
ing at page 753, and 'Space-Charge Limited Hole 
Current in Germanium," by G. C. Dacey. starting 
at page 759. As pointed out in these articles, 
when a semiconductive device, comprising a semi- 
conductive body having a rectifying contact ap- 
plied to one surface thereof and a source of min- 
ority carriers applied to an opposing surface 
thereof, has a reverse-biasing potential applied to 
this rectifying contact, there is produced within 
the semiconductive body a region containing sub- 
stantially no mobile charge carriers but containing 
in their steady a substantial space charge produced 
by the presence of ionized, immobile donor or ac- 
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-vptcr .mpuriUcs ."tu.s .pace ciurgc produces a 
^uDitantiai eiectnr tick! within the semiconauct: ve 
body, -ehose sense is such as to impel minority 
carriers toward the rectifying contact. A* the volt- 
age applied to the rectifying contact is increased 
the space-charge region extends deeper within the 
body, and approaches nearer to the aforesaid op- 
posing surface, to which the source of minority 
carriers is applied When the voltage applied to 
the rectifying contact reaches a critical value, this 
space-charge region extends completely through 
the body from the rectifying contact to the source 
of minority carriers applied to the opposing surface 
of the body. This extension of the space charge 
from one surface of the body to the other is 
termed punch-through. 

When punch-through occurs, the electric field 
produced by the space charge also extends through 
the body from the rectifying contact to the source 
of minority carriers, in a sense such as to urge 
minority carriers into the body and to accelerate 
them toward the rectifying contact. Accordingly, 
the manner in which minority carriers supplied 
by the source travel through the semiconductive 
body to the rectifying contact then changes sud- 
denly from one including a relatively slow dif- 
fusion process to another involving continual ac- 
celeration of these carriers by the field. As a 
result of these changes in the mechanism of car- 
rier transport through the body, the intensity of 
the current flowing through the rectifying contact 
rises sharply, and the impedance between the 
source of minority carriers and the rectifying 
contact falls sharply. The voltaic at which punch- 
through occurs is determined, tor each semicon- 
ductive material, primarily by the resistivity of 
the semiconductive body and by its thickness and 
since the resistivity of the body is substantially 
invariant at a given temperature, the punch- 
through voltage serves as a reliable measure of 
the thickness. 

Such a condition of punch-through is repre- 
sented in Figure 4, wherein the semiconductive 
body is diagrammatically represented by the cross- 
sectioned portion 300 The rectifying contact men- 
tioned above is formed at the region of impinge- 
ment of a jet 302 with the surface of body 300, and 
a source of minority carriers is a region of impinge- 
ment of another jet 304 with an opposing surface 
50 of the body. The depth W of the space-charge 
layer produced by applying a back-biasing po- 
tential between jet 302 and body 300 is indicated 
by a dashed line 306- Also indicated by a dashed 
line 308 is a small depletion region produced by 
55 applying a small back-biasing potential between 
body 300 and jet 304. The dashed lines 306 and 
308 are substantially coincident along a line paral- 
lel to the etched surface, indicating that punch- 
through has taken place. 

According to solid-state theory, the depth of 
the space-charge region produced by a back- 
biasing voltage applied across a sharply defined 
rectifying junction vanes substantially in direct 
proportion to the square root of the product of 
the voltage applied across the junction and the 
resistivity of the material constituting the semi- 
conductive body. However, in experiments per- 
formed utilizing the arrangement of Figure 1, the 
relationship between the thickness of body 10* and 
'0 the voltage measured by probe 182 has been found 
to be a more nearly linear one which, for a given 
value of this measured voltage, indicates a value 
of thickness smaller th;in that predicted by the 
aforementioned square-root relationship While 
5 the reasons for this discrepancy from the theoreli- 
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oaiiy predicted relationship are not :uliv under- 
stood, the discrepancy is believed to be attnoutabie 
to phenomena taking place at or near the inter- 
face oetween the jet and the semiconductive bodv, 
which are not considered in deriving the square- 
root relationship. 

More particularly, when an electrolytic jet is 
utilized to provide a rectifying junction 'at the sur- 
face of a semiconductive body, there is established, 
at and adjacent the electrolyte-semiconductor inter- 
face, a region of relatively high and variable re- 
sistance across which a substantial and variable 
voltage drop occurs during the thickness measure- 
ment This resistance, which is to be distinguished 
from and is in addition to the resistance of the 
rectifying junction, may be produced by several 
factors, among which appear to Jse the appreciable 
depletion of ionic carriers in the vicinity of the 
electrolyte-semiconductor interface, and the pro- 
duction of an interfacial layer of an oxide which is 
a relatively poor conductor having a non-linear 
resistivity. Because of the substantial value of the 
voltage drop across this additional resistance, the 
voltage which is applied across the rectifying 
junction is substantially smaller than the voltage 
which is applied between the jet and the semi- 
conductive body. As a result, the space-charge 
region which is formed within the semiconductive 
body by the voltage supplied to the jet is substan- 
tially shallower than that which would be formed 
if this entire voltage appeared across the rectify- 
ing junction. Moreover, because this additional 
resistance is non-linear, the type of functional re- 
lationship between the body thickness and applied 
voltage is modified from the square-root relation- 
ship to one which, in this instance, approaches 
linearity. Nonetheless, the appropriate empirical 
relationship between the depth of the space-charge 
region and the voltage applied between jet and 
body is accurately determinable for each pair of 
semiconductive material and electrolyte, and ac- 
cordingly, our novel method for producing a body 
of predetermined thickness is a thoroughly prac- 
ticable and commercially useful one. 

For example, Figure. 5 is a graphical represen- 
tation of one such empirical relationship obtained 
by utilizing the apparatus of Figure 1. In this 
graphical representation, the axis of ordinates 350 
represents the micrometrically measured thickness 
W of body 10 in the region bounded by the re- 
spective areas of impingement of jets 12 and 14. 
while the axis of abscissas 352 represents the peak 
voltage V F measured by probe 182 and correspond- 
ing to the occurrence of punch-through Curve 
354 represents the empirical relationship between 
thickness W and voltage V,. This empirical re- 
lationship is an almost linear one and accordingly 
may be expressed approximately by the mathemati- 
cal relationship: 

w = (2V,/voit +■ so) x io-* inch. 

where V, lies between 25 and 100 volts. 

This relationship was determined under the 
following experimental conditions: 



J> 10 ;mj unveil tjv ejcfi 
;ct ...... . a substantia 1!> ;:rc-j '.3 r 

j rr.t :ni; g ^j-cIlT 

- Distar.ee of probe 182 from 

body 10. beiore etching about 0 125 mch 
Maximum voltage measured 
by probe 192 during meas- 
uring portion of process about :u0 volLs 
Peak intensity, before 

jQ punch ■ through, of the 
current flowing in jet 14, 
corresponding to a peak 
voltage of 100 volts as 

measured by probe 112 :00 microamperes 
Peak output voltage dc- 

veloped at each of tei- 
10 mmaJs 14 and 8& of 

power supply 52 500 volts 

Voltage supplied by source 

•* 1.5 volts 

Average intensity of jet 
20 current during etching about 1 miHiampere 
Values of rheostats 1 14 and 

130, respectively . about GG thousand ohms 

Values of resistors 121 and 

144, respectively about 1 million uhms 



Semiconductive material of 
which body 10 ts consu- 
med 4 ohm-centimeter n-type 

germanium 

Composition of a solution 

21 aqueous solution of nitric 

acid, having a normality 
of 0.24 

Rate of efflux of solution 21 
from each of Jets 12 and 

14 1 cubic centimeter per 

minute 



05 It is to be understood that the foregoing values of 
the parameters of our system of Figure 1 are 
merely exemplary, and that we do not intend to 
hmit our invention thereto. 

When the arrangement of Figure 1 is operated 
30 under the foregoing conditions, an unambiguous 
and accurate measure of the thickness of a semi- 
conductive body is obtainable over a substantial 
range of thickneses, by utilizing the punch-through 
phenomenon. However, us is well-known in the 
35 art, there exists phenomena in addition to punch- 
through which may occur when back-biasing volt- 
ages of sufficiently high values are applied across 
rectifying barriers and which, if they occur, will 
also produce rises in the intensities of currents 
40 flowing across these barriers. Such rises in cur- 
rent intensity resulting from these additional phe- 
nomena would be undesirable in the present 
application inasmuch as they would make ambigu- 
ous the thickness measurement according to our 
45 invention. Accordingly, it is to be understood 
that voltages having values less than those causing 
these undesired phenomena are to be employed in 
practicing our invention. 

Our method may be practiced in numerous addi- 
50 tional arrangements which differ specifically from 
the arrangement of Figure !. Five of these many 
arrangements are shown schematically in Figures 
6, 7, 9, 10 and 11 respectively, to which figures 
reference is now made. 
55 Referring first to Figure 6. it is seen that the 
arangement of this figure differs from that of 
Figure 1 primarily in the substitution of a dry, 
metallic rectifying contact for one of the electro- 
lytic jets. More particularly, a metallic rectify- 
00 ing contact 400 is applied to one surface of a semi- 
conductive body 402, while to the other surfaces 
thereof, an electrolytic jet 404 is applied In one 
arrangement, body 402 may be constituted of n- 
type germanium, contact 400 may be constituted 
05 of the metal indium and may be applied by utiliz- 
ing one of the jet electrolytic plating techniques 
described and claimed in the copending patent 
application Serial No G92.952 of J. W Tiley and 
R. A. Williams, filed September 14, 1955, en- 
70 titled "Semiconductive Devices and Methods for 
the Fabrication Thereof." and assigned to the as- 
signee of the present application, ana jet 404 may 
be constituted of a dilute aqueous solution of 
nitric acid. As in the arrangement of Figure 1, 
75 semiconductive body 402 is con nee ted ohmically 
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to J at gr.jur.a potential and .m 

406, which ;nay be constituted of an mc-rt -:r,\ u 
such as platinum, is immersed m j^t 404 Th^ 
electrode is connected, via a current ; .m;t;ng 
resistor 408, to the blade 410 vf 3 single- o<e J. 
triple-throw switch 412. one hxed contact 414 of 
wr.;ch is connected to a point at ground puU-ntiai 
and another rixed contact 416 of wnicn is connected 
to a source of negative potential 418 

In addition, rectifying electrode 400 is supplied 
with a variable negative potential frum u source 
420 by way of a current-limiting resistor 422 and 
an ammeter 424 The potential of rectifying con- 
tact 400 with respect to that of body 402 is moni- 
tored by a voltmeter 426 

In order to produce etching of body 402. ihc 
blade 410 of switch 412 is closed to contact 4is, 
thereby to supply a negative poteniai to electrode 
406. In addition, as in the arrangement of Figure 
1, light is directed onto the surface of body 400 to -0 
be etched, thereby to promote generation of holes 
thereon Moreover, to prevent withdrawal uf these 
holes by electrode 400, the value of the voltage 
supplied by source 420 is reduced to a small 
value. 05 

In order to measure the thickness of body 402 
in the region bounded bv rectifying contact 400 
and jet 404, jet 404 may first Oe esstaoM ; ned at 
the potential of body 402 by throwing blade 410 
of switch 412 from contact 416 to contact 414 30 
Alternatively, and as mentioned with regard to 
the arrangement of Figure 1, jet 404 may be iso- 
lated from al! external sources of voltages. Then, 
as in the arrangement of Figure 1, the light ir- 
radiating body 402 is obscured, and the value of 1:> 
the output voltage ui source 420 vaned wutun 
a range of voltages whose maximum value is less 
than that required to produce the aforementioned 
spurious breakdown phenomena within body 402 

As discussed above, the thickness of the body 40 
is indicated by the value of the potential difference 
between rectifying contact 400 and >emic<>i, ducts vo 
body 402 at which punch-through begins and the 
inception of punch-through is manifested by a 
sudden rise in the value of the current indicated 45 
by ammeter 424, as well as by an indication by 
voltmeter 426 that voltage-limiting is taking place. 
In the present instance, the quantitative relation- 
ship between the thickness of body 402, in the region 
bounded by contact 400 and the area of impinge- 50 
ment of jet 404. and the potential diffpn-nri* be- 
tween contact 400 and body 402 at which punch- 
through begins, corresponds more closeiy to the 
aforementioned square-root relationship between 
body thickness and punch* through voltage than rr 
does the aforementioned empirical relationship 
obtained for the arrangement of Figure 1 This 
closer correspondence occurs because of the more 
intimate physical bonding of contact 400 to body 
402, and the much lower resistivity of the metal GU 
from which contact 400 is fabricated. 

In a further aspect of the method of our inven- 
tion the rectifying barrier, which must be present 
in the etched surface in order to make the punch- 
through measurement, may be produced, during 05 
each measurement interval, by electroplating a 
metallic rectifying contact onto the etched suitace. 
Electrical connection may then be made to this 
metallic contact by way of the electrolytic solu- 
tion, and the punch- through measurement per- 70 
formed in the manner just described The meas- 
urement having been made, the etching of the 
body may then be resumed; during this etching, 
the metal lu_contact is removed from the etched 
surface. The arrangement of Figure 6 may n.idily 75 
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423 ' ■ t»u 'mi.: :Ucd contact 430 <d switcn 
412, a..-. ,! .1 Hiit-lmuting resistor 432 [;< 

o aj.il ti on. ■■, pi,,vr.:<- the mi tall ic ;ons ni-ecSuarv 
for eiectr-jpiaiing, the electmly tie .solution consti- 
tuting jut 404 may ne changed from d n aqueous 
solution uf nitiic acid to, for example, an aqueous 
solution containing indium trichloride to a nor- 
mality .jf 0 U ( J and hyorocnioi ic acid in an amount 
surhcient to establish the pH of tne solution at 1.5. 

To produce etching of body 402 by jet 404, light 
is directed onto the surface to be etched swi tch 
blade 410 is closed to contact 416, and the value 
of the output voltage of source 420 is reduced 
to a small value, as aforedesenbed, To perform 
the puncn- through measurement, the illumination 
is removed from body 402 as m each of the preced- 
ing cases. However, in contrast to the afore- 
described fomib of the method, a positive poten- 
tial is now applied to jet 406 by closing switch 
blade 410 to contact 430- As a result of the ap- 
plication of this positive potential, a deposit of 
indium metal is laid down on the region of 
body 402 impinged by jet 404. After a thin layer 
of indium has been deposited, the plating is dis- 
continued by throwing switch blade 410 to con- 
tact 414. Mii.ti by n-rnoving 1 h t ■ ousiuvc potential 
from electrode 406 and connecting this electrode 
to body 402. The punch -through measurement 
is performed by varying the value of the vojtage 
supplied by source 420 over an appropriate range, 
as hereinbefore set forth. 

It will be clear to those skilled in the art that 
the apparatus .shown in Figuie ti may 0c .uiangc-u 
lui automatic upeiution b> ulih/.ing addi t uu i-d 
apparatus similar to that shown in Figure 1. e.g. 
by providing a process controller responsive, dur- 
ing measurement intervals, to the voltage or elec- 
trode 400 to dc-energize the process when the peak 
value of this voltage falls below a critical value, 
and j timer arranged to throw switch, blade 410 
and to vary the value of the output voltage ot 
source 420. ;»t appropriate times. 

Moreover, 111 view of the foregoing discussion, 
it will also be clear that the value of the back- 
biasing voltage for which punch-through occurs 
may be ascertained by utilizing measuring tech- 
niques other than those specifically described here- 
inbefore. In this regard, reference is now made to 
Figures 7 and 8 of the drawing. Figure 7 is a 
schematic diagram of an arrangement similar to 
that illustrated in Figure 6; accordingly, the ele- 
ments common to the two arrangements are desig- 
nated by the same numerals. In the arrangement 
of Figure 7, the punch-through indicating instru- 
ments of Figure 6, i.e. ammeter 424 and voltmeter 
426. are replaced by an oscilloscope 440 to whose 
horizontal defection means is applied the poten- 
tial difference, V.„, between metallic r*>rtifvin ; ; 
contact 400 and body 402, <'»nd 10 whose vertical 
deflection means is applied the potential difference, 
V, b , between jet 404 and body 402, as detected by 
a probe 442 immersed in jet 404 adjacent the sur- 
face of body 402 impinged by the jet. Oscilloscope 
440 may be of conventional form, while probe 
442 may have a structure similar to that of probe 
182 included in the arrangement of Figure 1 

In addition, source 420 bas been replaced bv 
a sweep generator 444, one output tcimmal * t 
which is connected to a point al ground potential 
and the uther ouLpul leimina] of which connected 
to a fixed contact 446 of n single-pole, double 
throw switch 448. whose other fixed leimmal 450 
is connected to a point at ground potential and 
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whose switch biace 452 :s . nnecte^ t > • ; . • 
contact 400 via resistor 422 Switch bia :e 452 
mechanically ganged to sw:tch blade 4 10 -.v.t;- 
412 :n a manner sucr. that, when tiad.- 410 - 
closed to contact 416. blade 452 :s close.: t, j.,n- 
tact 450. while, when blade 410 is clesea to con- 
tact 414. blade 452 is closed to contact 446 Sweep 
generator 444. which may be of conventional form, 
is constructed and arranged to produce, at terminal 
446, a periodic voltage of negative polarity, the 
amplitude of which varies between zero and a 
maximum value which is less than the value 
producing the aforementioned undesired break- 
down, phenomena within body 402, when applied 
between contact 400 and semiconductive body 402. 
Typically this voltage may have a triangular or 
sawtooth waveform; however, -the precise wave- 
form of this voltage is unimportant, and for ex- 
ample may equally well be sinusoidal. 

In practicing this form of our method, etching 
is produced by closing switch blade 410 to contact 
416 and switch blade 452 to contact 450, and by 
shining light onto the surface of body 402 to be 
etched. Under these conditions, contact 400 is 
maintained substantially at ground potential, while 
a negative etching potential is supplied to jet 404 
by source 413- To perform a thickness measure- 
ment, switches 412 and 448 are thrown to their 
alternate positions, i.e. switch blade 410 is closed 
to contact 414 while switch blade 452 is closed 
to contact 446- Under these conditions, jet 404 
is connected to a point at ground potential by way 
of electrode 406 and resistor 408, while contact 
400 is supplied with the periodically-varying out- 
put voltage of sweep generator 444, In the event 
that the thickness of body 402 between contact 400 
and jet 404 is sufficiently small that the voltage 
Vp required to produce punch-through is less than 
the maximum value of the sweep voltage supplied 
by generator 444, an oscilloscopic display similar 
to that illustrated in Figure 8 is obtained. From 
this display, the value of V„ is readily obtained. 

More particularly, in the graphical representa- 
tion of Figure 8, the axis of abscissas 460 repre- 
sents the amplitude of the voltage V, u between 
rectifying contact 400 and body 402, while the axis 
of ordinates 462 represents the value of the voltage 
V rt detected by probe 442. The values of V, b , 
produced in response to those values of V rb which 
are less than the value V Pf are indicated by line- 
segment 464. while the values of V. b . produced in 
response to those values of V rh exceeding V„ are 
indicated by line-segment 466- From the foregoing 
discussion, it will be understood that, for values of 
V fb below that producing punch-through, the im- 
pedance between contact 400 and jet 404 is very 
high, and accordingly the voltage applied 10 contact 
400 has little influence on the voltage of jet 404, 
as is indicated by the negligible slope of line- 
segment 464. However, for values of V lS , equal to 
or greater than V,, punch-through occurs and the 
impedance between contact 400 and jet 404 be- 
comes relatively small. As a result, the voltage 
V.„ of jet 404 tends to follow closely the voltage 
V tb of contact 400, as indicated by the substantial 05 
slope of line-segment 466- Because the slope of the 
V f »-V ti curve changes sharply at V„, this form of 
oscilloscopic display provides an excellent means 
for ascertaining the value of V„. In this regard, 
it is feasible to calibrate the axis of abscissas di- 70 
reetlv in terms of thickness, and to ascertain the 
thickness of body 402 merely by reading the value 
of the abscissa for which the oscilloscopic trace 
changes it^slope suddenly. 

Referring now to Figures 9 to 11. it is seen that 75 



.:^u:es .::: r <j:s necihcaily :'r :n tne arrangements 
: hi >w n :n Fibres !. 0 u:id 7 . :i that the cr-o:^::;:^ 
potentials are .*;>;>. solely between the mean" 
o rur providing a : ect;:"y ing contact and the e^c- 
tneally-enndiictive etc.'unt: means, rather than be- 
tween each <>f these elements and the semicon- 
ductive body. Thus, in the arrangements of Figures 
9 to 11, the potential uf the semiconductive body 
10 is determined by the value and sense of the poten- 
tial difference applied between the two means 
making connections thereto, as well as by the re- 
sistivity of the semiconductive body and the value 
of the resistance between the body and each means. 
15 More particularly, in Figure 9 there is provided 
an arrangement comprising a semiconductive body 
500, to one surface of which is applied a metallic 
rectifying contact 502, and to an opposing surface 
of which is applied an electrolytic jet 504. As in 
-0 the preceding cases, body 500 may be constituted 
of n-type germanium, contact 502 may be con- 
stituted of indium, and jet 504 may be constituted 
of a dilute aqueous solution of nitric acid. Elec 
trical connection is made to the electrolytic jet 
25 by means of an inert electrode $06- 

The potentials required to energize the process 
are supplied by a source of variable potential 508 
which is connected to the appropriate electrodes by 
way of a double-pole, double-throw switch 510. 
30 This switch comprises a first pair of fixed contacts 
512 and 514 respectively, a second pair of fixed 
contacts 516 and 518 respectively, and ganged 
blades 520 and 522 respectively, and is arranged 
as a polarity-reversing device. Specifically, the 
3- positive pole of source 508 is connected to blade 
520 and the negative pole thereof is connected to 
blade 522, contact 512 is connected to contact 518, 
and contact 514 is connected to contact 516. In 
addition, inert electrode 506, which is located in the 
40 jet stream, is connected lo contact 512 by way of 
a current-limiting resistor 524 while rectifying 
contact 502 is connected to contact 514 by way of 
an ammeter 526. The voltage of rectifying con- 
tact 502 with respect to body 500 is indicated by a 
45 voltmeter 528, while the voltage of jet 504 is in- 
dicated by a voltmeter 530 connected to jet 504 
by way of a probe 532 which may have a structure 
similar to that of probes 182 and 190 of the ar- 
rangement of Figure 1. 
50 To produce anodic etching of body 500, the sur- 
face thereof impinged by jet 504 is irradiated with 
light, and blades 520 and 522 of switch 510 are 
closed respectively to contacts 516 and 518- Under 
these conditions, the negative pole of source 508 is 
55 connected to electrode 506 while the positive pole 
of this source is connected to rectifying contact 
502. As a result, contact 502 is biased m the sense 
of easy conduction while jet 504 is biased in the 
sense of difficult conduction, with respect to body 
500 Consequently body $00 has a potential con- 
siderably positive with respect tu that of jet 504. 
and as a result, the body is etched anodically by 
this jet. 

To determine the thickness of body 500, it is 
only necessary to remove the illumination from 
the body, thereby to permit a rectifying contact 
to form over the region of body 500 impinged by 
jet 504, and to vary the value of the voltage sup- 
plied by source 508, within a voltage range whose 
maximum value is below the voltages producing 
the aforementioned :.punous breakdown phe 
nomcna. As in all of the embodiments of the 
invention, the thickness of body 500 is indicated b> 
the value of the voltage at which punch -through 
begins. In the present instance, the inception of 
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ter.s.ty ■ :i current \\ < w : r. g ■;:r , - J ;=;? v ;"■ ■-.-'■.!- 524 
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*r.e latter potential dirlerence indicates t;-,. t!. :i _k- 
r.e^s of the body. 

Alternatively, in making the thickness measure- 
ment, metallic contact 502 may be utilized in 
p. ace of ;et 504 as the means providing trie recti- 
fying contact wnich. wnen back-biased, produces 
a space-charge region within oody 5Qn T\, utilize 
contact 502 in this manner, it is only necessary to 
connect the negative pole of source 508 thereto, 
and to connect the positive poie of this source to 
electrode 506- These connections may be achieved 
merely by throwing switch S10*so that blades 520 
and 522 close to contacts 512 and 5U, respectively. 
The value of the voltage provided by source 508 
is then varied until punch - through occurs. In 
this arrangement, the voltage indicative of the 
thickness of body 500 is that indicated at punch- 
through by voltmeter 528- 

The arrangements of Figures 10 and 11 differ 
from all of the preceding arrangements in that 
alternating voltage u used to energize our process. 
In these two figures, those structures which are 
identical to structures shown in Figure 9 are num- 
bered identically therewith. 

Referring now more particularly to Figure 10, 
a source of alternating voltage 534 is provided, one 
terminal of which is connected to inert electrode 
506 and the other terminal of which is connected 
to rectifying contact 502 via current -limiting re- 
sistor 524 and an ammeter 536 Vulimeter 528 is 
connected between contact 502 and an ohmic con- 
tact applied to body 500. as in the preceding em- 
bodiment. When anodic etching by jet 504 is 
desired, the surface of body 500 impinged by jet 
504 is irradiated with light. Etching of this sur- 
face then takes place during those half cycles of 
the alternating voltage supplied by source 534- for 
which electrode 506 is negative with respect to 
rectifying contact 502. When a measurement of 
thickness of body 500 between jet 504 and contact 
502 is desired, it is only necessary to remove the 
illumination from body $00, and then to observe 
the magnitude of the voltage applied between the 
contact 502 and body 500 for which punch-through 
begins. As in the preceding arrangements, punch- 
through produces a sudden rise in the current 
indicated by ammeter 536. as well as a limiting m 
the value of the voltage applied between rectify- 
ing contact 502 and body 500 

Similarly, and as shown in Figure 11, our proc- 
ess may be practiced by applying an alternating 
voltage between two jets which impinge opposing 
surfaces of semiconductive body 500. Thus, in the 
present arrangement, the rectifying contact 502 
of Figures 5 and 6 is replaced by an electrolytic jet 
538 in which is immersed an inert electrode 540, 
and the system is energized by connecting source 
534 between electrodes 506 and 540. by way of 
current-limiting resistor 524 and ammeter 536- 
The etching of body 500 and the measurement of 
its thickness may be performed in the manner 
described in connection with the arrangement of 
Figure 8, and the voltage Indicative of thickness 
may be read from voltmeter 530 

While we have described our invention in each 
case with respect to an n-type semuonduc :ti ve 
body, it will be clear to those skilled in the ait 
that this invention is equally applicable to etching 
p-type semiconductive bodies to predetermined 
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To measure the thickness of a p-type body, it 
is necessary, m accordance with our invention, to 
10 establish a seeoiid rectifying contact at a surface 
ot the semicuiiducn ve body opposing the surface 
to which the jet is applied As in the previously 
described arrangements, this contact may be pro- 
vided by j jet or metallic contact, and the measure- 
15 rnent of thickness may be made by applying a 
reverse-biasing potential to one of the rectifying 
contacts and determining the value of this potential 
for which punch-through occurs. In the present 
instance, a reverse-biasing potential is one which 
-0 establishes the rectifying contact at a potential 
positive with respect to the semiconductive body. 
By contrast, the etching potential may be one whose 
poiarity is opposite to that of the reverse-biasing 
potential. Accordingly, the arrangements of Figures 
25 8 and 9, which are energized by an alternating 
voltage, are particularly well suited for carrying 
out automatically the process of our invention on 
p-type bodies, when these arrangements are modified 
in the manner now described. 
30 More particularly, in the arrangements of Figures 
10 and 11, the amplitude of the alternating Voltage 
supplied by source 534 may be established at a 
value for which punch-through just begins when 
the thickness of the body has been reduced to 
^5 precisely the desired value !n addition, apparatus 
<not shown) may be provided which is responsive 
to a sudden rise in the intensity of the current 
supplied by source 534. to disconnect the source 
from contact 506, thereby to terminate etching In 
40 contrast to the preceding specifically described 
arrangements, no light is applied to body 500 at any 
time. 

In operation, during each half cycle of the source 
voltage, one of the two rectifying electrodes is 
45 biased reversely, while the other is biased for- 
wardly. The potential difference established be- 
tween the rcversely-biassd electrode and the body 
produces, within the p-type body, a space-charge 
region whose instantaneous depth depends on the 
50 instantaneous value of this potential difference, 
while the potential difference applied betwnen the 
forwardly-baised electrode and the body causes 
anodic etching of the body in those instances when 
the rectifying contact is established by a jet. When 
55 the body has been etched to that critical value of 
thickness for which the peak value of the alternat- 
ing voltage produces punch-through, a sudden 
rise occurs in the intensity of the current supplied 
by source 534- Manual or automatic means re- 
do sponsive to this rise in current intensity may be 
used to disconnect source 534 from electrode 506. 
thereby de-encrgizing the etching process just at 
the moment when body 500 is excavated to the 
desired thickness. 
05 In each of the foregoing arrangements, the 
rectifying barrier which opposes the barrier estab- 
lished by the etching means has been produced 
at a surface of the semiconductive body However, 
it is not essential to the method of our invention 
70 that this barrier be produced at a surface On the 
contrary, the harrier may he e^tnn ^hed n-Litiveiv 
deeply within the body, for example by forming 
an alloy junction therewithin by conventional 
techniques. Under these conditions, the thickness 
75 which may be accurately established by practicing 



625,573 



13 



25 



26 



::r rove; :r.v'*r.< , r. ;s between th.j ;-na i 

mg ;;arr.^r and *he surface :' -vm:- 
c;n duct: ve body which ;s being '-to bed It whi b^ 
appreciated thai sucri a technique is part: . • .! a r ; y 
:n trie : a sr'.catxn .: transistors of the type 
including at least one junction within the body, 
and m which a base region of accurately established 
thickness is desired. 

\Vh:!e we have described our invention bv means 
of specific examples and in specific embodiments, 
•we do not wish to be limited thereto, for obvious 
modifications will occur to those skilled in the art 
without departing from the scope of our invention. 

The embodiments of the invention in which an 
exclusive property or privilege is claimed are de- 
fined as follows: 

1. A method for deriving an indication of the 
thickness of semiconductive material remaining be- 
tween a first rectifying barrier in a semiconductive 
body and an opposing surface thereof, during the 
course of inducing said thickness by etching nf 
said surface, said method comprising the" steps of: 
forming a second rectifying barrier therein by 
applying to said surface electrically conductive 
etching means operative to effect etching of said 
surface progressively in the direction of said first 
barrier when a potential difference between said 
etching means and said semiconductive body has 
a value in a particular range; applying at least inter- 
mittently between said means and said body a 
potential difference having a value in said range; 
applying to one of said barriers at least intermit- 
tently i potential biasing said one barrier in the 
direction of difficult conduction, the impedance 
between said two barriers for each thickness of 
said semiconductive body having a first magnitude 
when said biasing potential is less than a particular 
value characteristic of each thickness and a second 
magnitude considerably less than said first magni- 
tude when said biasing potential is greater than 
said particular value; and deriving a signal in- 
dicative of the value of said biasing potential for 
which an abrupt change occurs in the magnitude of 
said impedance. 

2. A method in accordance with claim 1, wherein 
said first rectifying barrier is provided by apply- 
ing, to a second surface of said body opposing 
said etched surface, second electrically conductive 
etching means which, by contact with said second 
surface, provide said first rectifying barrier therein 
and are operative to effect etching of said second 
surface progressively in the direction of said second 
barrier when a potential difference between said 
barrier and etching means has a value in a 
particular range; and wherein said method in- 
cludes the step of applying at least intermittently 
between said second means and said body a poten- 
tial difference having a value in said last-named 
range. 

3. A method- according to claim 1, wherein said 
first rectifying barrier is provided by applying a 
metallic rectifying contact to a second surface of 
said body opposing said etched surface. 

4. A method according to claim 1, wherein said 
step of deriving said signal includes the step of 
deriving an indication of a sudden change in the 
intensity of the current flowing across said one 
barrier. 

5. A methnd according to claim. 1 wherein said 
step of forming said second rectifying barrier com- 
prises the steps of: applying to said surface a 
solution containing ions of a metal which when 
deposited upon said semiconductive material forms 
a rectifying barrier in the surface underlying said 
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15 7. A method according to claim 6, said method 
including the additional step of irradiating said 
surface with light during the times when said 
potential difference is applied to said means. 
8. A method according to claim 7, said method 
20 comprising the additional step of forming said 
first barrier by applying to the surface of said 
body opposing said surface a metal which forms a 
rectifying contact with said material when applied 
thereto. 

J.5 9. In a method for producin g _a__rcgion of par- 
ticular thickness^ in a body of semiconductive 
material which has applied to one surface thereof 
means providing a first rectifying contact with said 
body, the steps of: forming a second rectifying 
30 contact with said body by applying to a surface of 
said body opposing said one surface electrically 
conductive etching means operative to etch said 
opposing surface toward said first rectifying con- 
tact and responsive to a signal applied thereto to 
35 stop said etching; applying to une uf said means a 
potential which is poled to bias said rectifying 
contact provided by said one means in the sense 
of difficult conduction, said potential having a par- 
ticular value for which an abrupt decrease occurs 
40 in the impedance between said first and second 
rectifying contacts upon reduction of the thickness 
of said body to said particular thickness; deriv- 
ing a signal indicative of said substantial decrease 
in said impedance at said particular value of said 
45 potential; and supplying said signal to said etch- 
ing means thereby to stop said etching. 

10. A method according to claim 9 wherein said 
step of applying said potential to said one means 
includes the step of applying to said one means by 
50 way of a direct-current ronductive element having 
a substantial resistance a potential varying be- 
tween a minimum value less than said particular 
value and a maximum value greater than said 
particular value and poled to bias said rectifying 
55 contact provided by said one means in the sense of 
difficult conduction; wherein said signal-deriving 
step includes the step of deriving from said one 
means an electrical quantity indicative of the de- 
crease to said particular value of the peak value 
00 of said varying potential appiied by said element 
to said one means; and wherein said signal-sup- 
plying step includes the step uf supplying said 
electrical quantity to said etching means thereby 
to stop said etching. 
G5 11. In a method for producing a region of par- 
ticular thickness in a body of n-type semicon- 
ductive material the steps of: applying to re- 
spective opposing surfaces of said body first and 
second coaxially-arranged jets of an electrolytic 
70 solution forming a rectifying barrier in each of 
said respective surfaces uii which said jets are 
incident when light concurrently incident on said 
surfaces has an intensity less than a particular 
amount; applying to said first jet by way of a first 
75 resistive element a potential negative with respect 
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substantially constant value during a ::rsi mt.-rvai 
.aM per^d and -.arymg between .aid Jun^ant 
va -ue and a larger value during the remainder of 
said perioa. and applying to said second jet by 
ay of a second r^^ive element a potential 
negative with respect to the potential of said body 
and having a periodically varying amplitude, ^aid 
:as:-r.amed amplitude naving a suostanualiy' con- 
stant value during said remainder of ^aid period 
and varying between said last-named value and a 
larger value during said first interval of said 
period; concurrently irradiating each of said sur- 
faces with light the intensity of which is at least 
equal to said particular amount, thereby to pro- 
mote electrolytic etching of eac/i of 5 aid surfaces 
by said jets incident thereon, subsequently in- 
creasing the respective values of said first and 
second resistive elements, reducing said intensity 
of said light below said particular amuunt, thereby 
to permit formation of rectifying barriers in said 
surfaces of said body impinged by said jets, the 
impedance between said two barriers for each 
thickness of said semiconducti ve body having a 
first magnitude when said potential applied to one 
of said jets is less than a particular value charac- 
teristic of said eaon thickness and a second magni- 
tude considerably less than said first magnitude 
when said last-named potential is greater than said 
particular value, and said larger value of said 
last-named potential exceeding the particular po- 
tential which is characteristic of said particular 
thickness; and deriving a signal including a quan- 
tity indicative of the specific potential of ^aid one 
jet at which an abrupt change oecuis in said 
magnitude of said impedance, thereby to deter- 
mine said thickness of said body. 

12. A. method according to claim 11, wherein 
said signal quantity has a specific value when said 
specific potential is substantially equal to said 
particular potential, and wherein said method in- 
cludes the additional step of applying said signal 
to means operative to stop said electrolytic etching 
when said quantity has said specific value. 

13. In a method for producing a region of particu- 
lar thickness in a body of semtconductive material 
which has applied to one surface thereof means 
producing a first rectifying barrier in said surface, 
said method comprising the steps of: forming a 
second rectifying barrier therein by applying to 
a surface of said body opposing said one surface 
electrically conductive etching means operative to 
effect etching of said opposing surface progressively 
m the direction of said first barrier when a poten- 
tial difference between said first and second rectify, 
ing barriers has a value in a particular range, the 
impedance between said two barriers for a particu- 
lar thickness having a first magnitude when soid 
value of said potential difference is less than a 
particular vaiue characteristic of said particular 
thickness and a second magnitude considerably 
less than said first magnitude when the potential 
difference is greater than said particular value, 
applying between said first and second barriers 
a potential difference within said particular range 
and including said particular vaiue; and deriving 
a signal indicative of an abrupt change m the 
magnitude of said impedance at a particular value 
of said potential difference. 

14. A method according to claim 13, said method 
including the additional step of appiymg said sig- 
nal to means responsive thereto to remove said 
potential difference from between said two barriers, 
thereby to end said etching. 
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oelween a :irsl rectifying oarricr :n a sem icon a ^e" 
tive body and an opposing sun ace thereof, dur;- - 
5 the course of reducing said tnickncss by etcnir.^ 
of said sun ace. said method comprising the ste^s 
oi: Jorming a second rectifying barrier therein 
by applying to said surface electrically conductive 
etching means operative to effect etching of said 
10 surface progressively in the direction of said first 
barrier when a potential difference applied be- 
tween said etching means and said lirst barrier 
nas a value m a particular range, the impedance 
between said two barriers for each thickness of 
15 said semiconductive material having a first magni- 
tude when said value of said potential difference 
is less than a particular value characteristic of said 
each thickness and a second magnitude consider- 
ably less than said first magnitude when said value 
20 of said potential difference is greater than said 
particular value; applying between said etching 
means and said first barrier a potential difference 
having a value within said range; and deriving 
a signal indicative of the value of said potential 
25 difference for which an abrupt change occurs in 
the magnitude of said impedance. 

16. A method according to ciann 15. wherein sa;d 
potential difference between said first and second 
barriers is an alternating voltage and wherein said 

30 step of deriving said signal includes the step of 
detecting an increase in the current flowing Across 
one of said barriers. 

17. A method according to claim 15, wherein 
said potential difference applied between said first 

:t5 and second barriers is a direct voltage ana wherein 
^aid step of deriving said signal includes 'he stop 
of detecting an increase in the current flowing 
across one of said barriers. 

18. A method according to claim 15, wherein 
40 said method includes the additional step of forming 

said rectifying barrier by applying to a second 
surface of said body opposing saul surface second 
electrically conductive etching means operative to 
effect etching of said surface progressively in the 
45 direction of said second barrier when a potential 
difference applied between said lirst and second 
etching means has a value in a particular range; 
and said- step of applying said potential difference 
between said etching means and first barrier m- 
30 ciudes the step of applying between said two etch- 
ing means a potential difference having a vaiue 
in said last-named particular range 

19. A method according to claim ;3, a here. n 
said potential difference applied between said two 

o5 etching means is supplied by a source having a 
finite conductive impedance, and wherein snid 
step of deriving said signal includes the step of 
determining the value of the potential difference 
between one of said etching means and said setm- 
00 conductive body for which said abrupt change 
occurs. 

20. A method according to claim 15, wherein 
said first rectifying barrier is provided by applying 
a metallic rectifying contact to a second surface 

05 of said body opposing said surface, and wherein 
said step of applying said potential difference 
between said etching means and first barrier in- 
cludes the step of applying a voltage between said 
etching means and said contact. 
70 21. A method according to claim 20, wherein 
said potential difference applied between said 
etching means and -aid contact is supping tn- 
source having a finite series impedance, and 
wherein said slop of deriving said signal includes 
75 the step of determining the value of the potential 
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c; Terence, oetween sail source and said body, f^r 
which said abrupt change occurs. 

22 Apparatus for producing a region of pro- 
determined thickness in a body of semiconductive 
material which has applied to one surface thereof 
means providing a first rectifying contact there- 
with, said apparatus comprising electrically con- 
ductive etching means applied to a surface of said 
body opposing said one surface and providing a 
second rectifying contact with said body; means 
for applying, to one of said means which provide 
a rectifying contact, a potential of predetermined 
value which is poled to bias said rectifying con- 
tact provided by said one means in the sense of 
difficult conduction; and means for deriving, from 
the arrangement comprising said body and said 
two means, a signal indicative* of the electrical 
impedance between said two means. 

23. Apparatus according to claim 22 wherein 
said means for providing said first rectifying con- 
tact comprise electrically conductive etching means 
applied to said one surface. 

24. Apparatus according to claim 22 wherein 
said means for providing said first rectifying con- 
tact comprise a metallic electrode applied to said 
one surface. 

25. Apparatus according to claim 22 wherein 
said electrically conductive etching means comprise 
means for producing and directing a jet of electro- 
lytic solution against said opposing surface of said 
body. 

26. Apparatus according to claim 25, said ap- 
paratus additionally comprising means for apply- 
ing an etching potential to said jet. 

27. Apparatus according to claim 25 wherein 
said signal-deriving means comprise means for 
measuring the electrical potential of said jet at 
a position adjacent said opposing surface of said 
body. 

28. Apparatus for producing a region of pre- 
determined thickness in a body which is consti- 
tuted of a semiconductive material, said apparatus- 
comprising means for producing and directing, 
toward opposing surfaces of said semiconductive 
body, first and second coaxially-arranged jets con- 
stituted of an electrolytic solution which forms a 
rectifying contact with said body; means for ap- 
plying to said first jet a voltage varying between 
first and second values and having a polarity such 
as to bias said rectifying contact formed between 
said first jet and said body in the sense of dif- 
ficult conduction; means, positioned adjacent said 
semiconductive body and wet by said solution 
constituting said first jet, for detecting the electri- 
cal potential of said solution at said posiion; and 
means coupled to said last-named means and re- 
sponsive to the value of said potential to remove 
said voltage from said first jet when the peak 
value of said potential is less than a predeter- 
mined value. 

29. Apparatus for producing a region of prede- 
termined thickness in a body of semiconductive 
material, said apparatus comprising means for 
producing and directing, toward opposing surfaces 
of said semicoinductive body, first and second 
coaxially-arranged jets constituted of an electro- 
lytic solution wich forms a rectifying contact with 
said body; means for applying to each of said jets, 
during a first group of time-spaced intervals, a 
first voltage having a polarity such as to produce 
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applying to said :irst jet, during a second grmp 
of time-spaced intervals interposed between ;a:d 
intervals A said first group, a second voltage varv- 

5 ing between first and second values and having a 
polarity such as to bias said rectifying contact 
formed between said first jet and said body in 
the sense of difficult conduction; means, posi- 
tioned adjacent said semiconductive body and wet 

10 by said solution constituting said first jet, for 
detecting the electrical potential of said solution 
at said position; and means supplied with said 
potential and responsive to the value thereof to 
remove said first and second voltages from said 

15 nrst and second jets when the peak value of said 
potential is less than a predetermined value which 
is itself intermediate said first and second values. 

30. Apparatus according to claim 29, said ap- 
paratus additionally comprising means for lrradi- 

20 ating said opposing surfaces of said body with 
light during said intervals of said first group. 

31. Apparatus according to claim 30, wherein 
said semiconductive material is an n-type material. 

32. Apparatus according to claim 30 wherein 
25 said semiconductive material is n-type germanium. 

33. Apparatus according to claim 29, said ap- 
paratus additionally comprising moans for estab- 
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tential during said intervals of said second group. 

30 34. Apparatus according to claim 33 wherein 
said potential-establishing means for said second 
jet are arranged to establish said jet at a potential 
having said second voltage. 

35. Apparatus for producing a region of pre- 

3") determined thickness in a body of an n-type semi- 
conductive material, said apparatus comprising 
means for producing and directing, toward op- 
posing surfaces of said semiconductive body, first 
and second coaxially-arranged jets constituted of 

40 an electrolytic solution which forms a rectifying 
contact with said body; a source of alternating 
voltage; a power supply connected to said suuice 
and arranged to produce, at respective first and sec- 
ond terminals thereof, periodic voltage pulses 

45 having a negative polarity, said pulses produced at 
said first terminal being non-contemporaneous 
with said pulses produced at said second terminal; 
means connecting said first terminal to said first 
jet and said second terminal to said second jet; 

50 means for irradiating said opposing surfaces with 
light during a first group of time spaced intervals; 
means, positioned adjacent said semiconductive 
body and wet by said solution constituting said 
first jet, for detecting the electrical potential of 

55 said solution at said position; and means supplied 
with said potential and responsive to the value 
thereof, during a second group of time-spaced in- 
tervals interposed between said intervals of said 
first group, to disconnect said power-supply from 

00 said source when the peak value of said potential 
is less than a given value. 
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